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both are smooth. In no case does segregation in the second or third hybrid 
generation result in spikelets with the first glume smooth and the second 
pubescent. 

It is not easy to accept a hypothesis which limits the operation of a Men- 
delian factor to one of two identical and adjacent morphological structures, 
nor to believe that the character of pubescence is in the case of one of these 
structures due to a dominant and in the other case to a recessive factor. 
Furthermore, unless the reviewer has failed to comprehend the data, a much 
simpler hypothesis will account for the situation. Let us postulate a single 
dominant factor for the glume pubescence; this factor is linked with the factor 
for black glumes. A second factor, linked with the factor for "cultivated" 
base, may be conceived of as a partial inhibitor of the pubescence factor. 
In accordance with the idea of position effect, it would operate most power- 
fully upon the second glume, resulting in a first generation hybrid with 
the pubescence only partially suppressed on the first glume, but completely 
suppressed on the second. According to this conception, and taking no account 
of crossing-over, all black-glumed plants in the second hybrid generation 
would have at least the lower glume pubescent. Both blacks and non-blacks 
would have undergone segregation with regard to the inhibiting factor, but 
since blacks alone carry the pubescence factor, a complete loss of the inhibitor 
could be manifested only by blacks, one-fourth of which would appear, in 
accordance with expectation, fully pubescent on both glumes. It appears 
to the reviewer that these considerations apply to the numerical data as well 
as one could expect. 

The cross-overs detected by SURFACE were exceptions to the linkages 
between the factors for pubescent glumes and black (about 0.7 per cent), and 
the inhibitor of glume pubescence and the factor for "cultivated" base (about 
i.5 per cent). 

It seems unfortunate that the author has not used the conventional 
terminology of the grass inflorescence in his otherwise exceedingly well pre- 
sented paper. Although he defines his terms, the paper is a long one, and if 
merely glanced over, the unusual terminology might be perplexing if not 
misleading. "Head" is used for panicle; "grain" for the caryopsis with its 
adhering lemma and palea; "pedicel of lower grain" for the portion of the 
rhachilla between the two fertile florets; "pedicel of upper grain" for the por- 
tion of the rhachilla above the second floret; " flowering glumes " for the flower- 
ing glume and lemma of the same floret; " dorsal side of grain" for the lemma; 
"ventral side of grain" for the palea.-H. H. BARTLETT. 

Cohesion of water and the rise of sap.-From theoretical considerations 
RENNER3 draws the following important conclusions: (i) The vapor pressure 

3RENNER, O., Theoretische und Experimentalles zur Kohasionstheorie der 
Wasserbewegung. Jahrb. Wiss. Bot. 56:6I7-667. IgI5. PFEFFER'S Zeitschrift. 
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in fully turgid cells is equal to that of pure water, and of plasmolyzed cells to 
that of their cell sap. The vapor pressure of plasmolyzed cells with ioo atmos- 
pheres osmotic pressure is 7 per cent less than that of pure water. (2) Water 
movement in parenchyma is dependent upon difference in degree of turgescence 
and independent of difference in osmotic pressure. (3) If in a wilted leaf the 
osmotic pressure of the parenchyma is P atmospheres, there exists in the 
adjacent vessels a tension of P-i atmospheres, and the vapor pressure of 
the water in the vessels is correspondingly reduced. (4) The energy potentials 
for moving water in the plant are the potential differences in imbibitional 
energy, osmotic energy, and hydrostatic pressure. These potentials originate 
from the transformation of a part of the energy potential which exists between 
the surface cells and the atmosphere in the way of vapor pressure differences. 
The rest of the primary potential is usable by transpiration alone. 

In the experimental part RENNER makes use of the annulus of fern 
sporangia (Polystichum Filix-mas) for measuring the tensile strength of water 
under the conditions in which it exists in plant cells. The walls of these cells 
are impermeable to cane sugar in aqueous solution, and to certain substances 
in very low concentration within the cells, but they are more or less permeable 
to salts. In a solution of cane sugar with an osmotic pressure of 200 atmos- 
pheres the annulus cells are deformed and the sporangia opened, but no gas 
bubbles are formed within the cells (there is not a throwing movement of the 
sporangia), although the water within is stretched equivalent to about 200 
atmospheres. Since the osmotic pressure of sugar solutions was not sufficient, 
and the walls were permeable to salts, RENNER turned to the vapor pressure 
method of determining the tensile strength of the water within these cells. 
Over a saturated solution of sodium chloride almost all of the sporangia 
spring with the formation of gas bubbles in the annulus cells. In the few 
not springing, the water in the annulus cells must be stretched approximately 
equivalent to the osmotic pressure of the solution, 368 atmospheres. There 
was little springing of the sporangia until the solutions used exceeded 300 
atmospheres osmotic pressure. 

Working independently, but with similar methods, URSPRUNG4 concludes 
that the water in annulus cells of fern (Pteris, Scolopendrium) sporangia are 
under a tension (a stretch) of somewhat more than 300 atmospheres at the 
time most of the sporangia spring. These determinations of cohesion exceed 
the values obtained by DIXON5 in his measurements in glass tubes. 

HALLE,6 a student of RENNER, finds that generally when plant cells lose 
water by evaporation the protoplasm is not immediately withdrawn from the 

4 URSPRUNG, A., Uber die Kohdsion des Wassers im Farnannulus. Ber. Deutsch. 
Bot. Gesells. 33:I53-i62. I9I5. 

S BOT. GAZ. 60:74, 75. I9I5- 
6 HALLE, HANS, Untersuchungen tiber Welken, Vertrocken, und Wiederstraff- 

werden, Flora i08:73-I26. I9I5. Written by RENNER after the death of HALLE at 
the front. 
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wall, but the wall is deformed with the protoplast, owing to the cohesion of 
the contained water. Very considerable negative pressures or tensions of water 
can thus be developed in plant cells before bubble formation occurs; 250 

atmospheres in the stellate hairs of Verbascum thapsiforme, less than 20 atmos- 
pheres in the hairs of Lychnis coronaria, and still less in the ringed velamen 
cells of orchids and the pith of orchid and Sambucus stems. This is independent 
of living protoplasm, for it occurs in dead cells. In thin-walled parenchyma the 
cells may be completely crushed without gas appearing, while in thick-walled 
parenchyma there is a considerable deformation of the walls before gas accu- 
mulates within the cells. In fully wilted leaves of Alliaria officinalis the 
tracheae are still free from gas, which means that the water within them must 
be under negative pressure equal to the osmotic pressure of the parenchyma. 
Vessels in storage organs withstand little negative pressure, while those of 
actively conducting tissue develop great negative pressure without bubble 
formation within them. If in wilted tissue air is admitted to a vessel by a 
wound, it does not pass through the side walls to intact vessels, although they 
bear water under considerable tension. When both sides of the cell wall are 
water free, air accumulates within rapidly even under slight negative pressure; 
while the cell is full of water, air does not accumulate negative pressure 
within even under many atmospheres. 

In another article URSPRUNG7 raises the question of the cause of bubble 
formation in "Tonometern," any apparatus used for the qualitative or quanti- 
tative determination of fluid cohesion. For water he believes bubble formation 
is not determined by the limits of cohesion, for the cohesion of water as meas- 
ured by such instruments falls far below the cohesion calculated by VAN DER 
WAALS on the theoretical basis. The great variation in the tension at which 
bubbles appear, even under like conditions, also argues against the limits of 
cohesion being the cause of bubble formation. Since all evidence indicates 
that adhesion of water to the wall exceeds its cohesion, URSPRUNG believes 
that the limits of adhesion do not determine bubble formation. GERNEZ 
found that in supersaturated solutions of gases bubbles collect on the surface 
of containing or inserted solids and not within the liquid itself, because these 
surfaces bear adsorbed gas as inoculation centers. URSPRUNG believes that 
adsorbed gases (in very thin layers of submicronic or amicronic thickness) on 
the walls of the "Tonometern" cause bubble formation. Hence all attempted 
measurements of cohesion of water by such instruments give values far short 
of the actual cohesion. They measure rather the tension at which gas bubbles 
form under the influence of inoculating centers of adsorbed gases and the 
(gas) supersaturated condition of the water in such instruments. As bearing 
upon cohesion within tracheae, URSPRUNG emphasizes the fact that wood tissue 
adsorbs gas readily. The author uses considerable space in criticizing DIXON'S 
experiments upon cohesion of water. 

7URSPRUNG, A., tber die Blasenbildung in Tonometern. Ber. Deutsch. Bot. 
Gesells. 33:I40-I53- I9I5- 
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The four articles reviewed indicate that cohesive stretching of water is of 
great significance in plants. They show the magnitude of force thus available 
for work and give much insight into the conditions under which it is operative; 
also they add evidence for the cohesion theory of the rise of sap. 

COPELAND8 has devised a very simple but ingenious piece of apparatus 
for determining various facts concerning the movement of water through 
stems of lianas. From his measurements he concludes that the resistance 
offered by stems to water flow through them is very much less than claimed 
by other workers in this field; that the tension in the water column of the stem 
assumed by the cohesion theory does not exist; and that the living cells along 
the stem play no essential part in the movement of the water through it. 
COPELAND believes that the main problem of rise of sap remains, as he earlier 
stated,9 "Why is this atmospheric pressure exhausted so slowly with the 
ascent of the tree that whatever height is reached, and however rapidly and 
forcibly water may be drawn from the wood, some pressure always remains ?" 
Notwithstanding the ingenious character of these experiments and the sug- 
gestiveness of the results, much more work of an analytical sort is needed to 
establish a new theory of the rise of sap or to dispose entirely of the cohesion 
theory.-WILLIAM CROCKER. 

Structure of the Boleti.-Very few studies on the finer structural details 
of the Boleti have been published. These have been fragmentary observations 
occasionally employed to supplement specific diagnoses drawn from the grosser 
features, or to interpret certain surface characters. A comparative study of 
the structure of all parts of the plant in a large number of species is greatly 
needed, and especially a study of the origin and differentiation of its parts is 
much to be desired. A contribution to the former phase of the subject is now 
presented by YATESIO in the study of 6 Californian species, supplemented by 
two eastern ones. 

In general, there is not such a marked differentiation of the tissues, when 
the size of the plants is considered, as one might expect who has not given 
some attention to these plants. According to the author's interpretation. the 
tissues of the pileus and stipe are differentiated into two main zones: an outer, 
the cortex (" rind "); and an inner, the trama (" context "). In some species the 
cortex of the pileus consists of elongate vertical hyphae, which in dry species 
give the pileus a tomentose appearance, as in Boletus chrysenteron. In the viscid 
species the outer layer of the walls of these hyphae is more or less gelatinized 
and the pileus is not tomentose, as in B. granulatus, B. luteus, and B. cali- 

8 COPELAND, E. B., Uber das Saftsteigen. Jahrb. Wiss. Bot. 56:447-459. I9I5. 

PFEFFER'S Zeitschrift. 
9 COPELAND, E. B., BOT. GAZ. 34: i6I-I93, 260-283. I902. 

1?YATES, H. S., The comparative histology of certain Californian Boletaceae. 
Univ. Calif. Publ. Bot. 6:22I-274. pIs. 21-25. i9i6. 
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